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1 Introduction
In RAN1#90 [1] and RAN1#90bis [2], the following agreements and working assumptions were reached in the channel coding session:
	Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)
Agreement: 
· TBSs are byte-aligned

Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

FFS: Byte- or something-alignment of CB sizes.



In RAN1#90bis, the following agreements were reached in the scheduling/HARQ session:
Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

Agreements:
· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs
· FFS the details, including the # of reference REs and other factors for TBS determination
Agreements:
· Calculate an “intermediate” number of information bits  where 
·  is the number of layers, 
·  is the modulation order, obtained from the MCS index
·  is the code rate, obtained from the MCS index
·  is number of resource elements
·  = Y * #PRBs_scheduled 
· When determining  (number of REs) within a slot
· Determine X =  12* #OFDM_symbols_scheduled – Xd – Xoh 
· Xd = #REs_for_DMRS_per_PRB in the scheduled duration
· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.
· Xoh is semi-statically determined
· [bookmark: _Hlk498622388]Quantize X into one of a predefined set of values, resulting in Y
· [8] values
· Should allow for reasonable accuracy for all transmission durations
· May depend on the number of scheduled symbols
· FFS: floor, ceiling or some other quantization
· Note: quantization may not be needed
· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers
· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions


[bookmark: _Hlk498731325]In this contribution, we further study the TB size determination and code block segmentation for NR data channel.
2 [bookmark: _Ref498712509]Transport block size determination
According to the agreements, the transport block size is calculated from the intermediate number of information bits, which in turn depends on the resource allocation, MCS, and number of MIMO layers. In the following we denote the intermediate number of information bits, i.e. the approximate TB size, by . How the TBS is determined from  depends on if both or only one of the base graphs are implemented in transmitter and receiver.
2.1 UEs implementing both base graphs
The TBS determination is a formula based approach that takes  as given above as an input and outputs a final TBS that is byte-aligned and gives equal-sized code blocks after code block segmentation, as per the agreements and working assumptions above.
The agreement that determines which base graph to use depending on the rate of the initial transmission determines which maximum code block size to use when calculating the TBS so that the code blocks are equal-sized after segmentation.
The determination of TBS, can be performed as follows, with  and  as input. The following procedure assumes that both BG1 and BG2 are available for the given physical channel, where the transmitter and receiver implemented both BG1 and BG2.
Even though TBS in NR is determined by a formula, it is important to have a coarse grid of allowed TB sizes, like in LTE. In LTE, the maximum TBS found in the TBS tables is 391 656 bits and the total number of unique allowed TB sizes is 237 [4]. The reason for having a coarse TBS grid is to make it possible to schedule a retransmission such that the control information of the retransmission corresponds to the same TBS as in the initial transmission also when there are small changes in the allocation or MCS index.
[bookmark: _Hlk498733106][bookmark: _Hlk498732429]To achieve a coarse TBS grid for NR, we round the intermediate number of information bits  to the closest multiple of :

where


According to the agreement, we make sure that all allowed TB sizes are multiples of the number of code blocks when performing code block segmentation for BG1. This ensures that no zero padding is necessary with BG1 segmentation. The agreement also states that TBS determination shall strive to achieve no zero padding with BG2 segmentation, but to keep specification complexity reasonably low we have decided to only consider BG1 segmentation and rely on zero padding for BG2 segmentation. The procedure below describes how TBS and CBS are determined from :
If 
	If 
		Number of code blocks: 
If 
		Transport block size: 
Length of information block to LDPC encoder: 
		else
		Transport block size: 
Length of information block to LDPC encoder: 
		end
	else
		Number of code blocks: 
Transport block size: 
Length of information block to LDPC encoder: 
	end
else
	If 
		Number of code blocks: 
	Transport block size: 
Length of information block to LDPC encoder: 	
else
		Number of code blocks: 
		Number of code blocks if BG1 was used: 
Transport block size: 
Length of information block to LDPC encoder: 	
end
end
with  The multiplication and division by  in the TBS calculation ensures equal-sized byte-aligned CBS, and thereby also byte-aligned TBS. In [5] we show that the byte-alignment of CB sizes has a very small impact on the TBS determination.
2.2 UEs implementing only one base graph
For UEs implementing only one base graph we see three options for TBS determination:
Option 1. Use different TBS formula for UEs implementing only one base graph. For example, a UE implementing only BG1 performs code block segmentation using  as the maximum code block size for all code rates. Adjust the TBS determination accordingly to ensure equal-sized code blocks.
Option 2. Use the above procedure in Section 2.1 for TBS determination, and use filler bits which are not transmitted to handle any TBSs that give rise to code blocks of unequal size. 
Option 3. Change the TBS determination formula so that all or some of the TBSs used ensure equal sized code blocks independent of which base graph is used for code block segmentation.
Option 1 has the drawback that the TBS determination depends on which base graphs the UE supports, and higher layers need to consider which base graphs the UE supports, in the sense that the exact same scheduling assignment can give rise to different TBS depending on the capabilities of the UE.
Option 1 is not transparent to higher layers.
Option 2 allows for a TBS determination that is independent of the UE category, but leads to slightly more implementation and specification complexity due to the extra filler bits that need to be inserted for some TB sizes when using base graph #2. 
Option 2 requires insertion of filler bits in code block segmentation for some TBS.
Option 3 also allows for TBS determination independent of the UE category, but the requirement that the TBS gives rise to equally sized code blocks when segmenting with both BG1 and BG2 makes the usable TBS sparser and makes the TBS determination slightly more complex.
Option 3 gives sparser TBS and is more complex to implement and specify.
The specific version of option 3 we consider is the following:
Given , let  be the smallest integer such that the following are satisfied simultaneously:
1. ,
2.  is a multiple of 8,
3. 
4. 
Based on these observations we propose to use option 2 for TBS determination in NR. That is, using the procedure in Section 2.1.
Perform TBS determination based on a formula determining  from the number of intermediate information bits. Choose  such that code blocks are of equal size when performing code block segmentation using BG1 and such that code block sizes are byte-aligned
[bookmark: _GoBack]
3 Validation of Transport Block Size Determination
[bookmark: _Hlk498733031]In this section, we validate the TBS determination procedure by showing the set of TB sizes that may occur as well as the relative difference between allowed TB sizes. Figure 1, Figure 2 and Figure 3 show the TB sizes that occur for 1, 2 and 4 MIMO layers, respectively. In the figures shown in this section, the intermediate number of information bits  has been determined as

where
·  is fixed to the number of MIMO layers shown in the respective figure,
·  can take a range of values, considering the number of OFDM symbols occupied, overhead due to CORESET, DMRS, etc. In the test of Figure 1-3,  is assumed to between 24 and 144;
·  ranges between 1 and 275, 
· , and target code rate, , take values from the MCS table in the appendix.
The TBS has then been determined from  as described in Section 2. The figures show that the TBS that occur covers the full range of  values.
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\figures\TBS_byteAligned_CBS_1layer.bmp]
[bookmark: _Ref498711848][bookmark: _Hlk498733350]Figure 1: TB sizes that occur when  is calculated for one MIMO layer.
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\figures\TBS_byteAligned_CBS_2layer.bmp]
[bookmark: _Ref498711852]Figure 2: TB sizes that occur when  is calculated for two MIMO layers.
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\figures\TBS_byteAligned_CBS_4layer.bmp]
[bookmark: _Ref498711857]Figure 3: TB sizes that occur when  is calculated for four MIMO layers.
We now consider TB sizes that occur when the number of MIMO layers spans the range from 1 to 4. Figure 4 shows the difference between two adjacent TB sizes and shows that with the proposed formula for determining TBS, the TBS are regularly spaced with increasing difference for large TBS. In addition, Figure 5 shows that the proportion of difference between two adjacent TB, calculated as (TBSj+1 – TBSj)/ TBSj, is around 1% or less even though equal-sized and byte-aligned CBS has been enforced for BG1.
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\test1_TBS_delta_byte_aligned_CBS.bmp]
[bookmark: _Ref498714421][bookmark: _Hlk498733368]Figure 4: Difference between two adjacent TBS.
[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\test1_TBS_delta_proportion_byte_aligned_CBS.bmp]
[bookmark: _Ref498714672][bookmark: _Hlk498733383]Figure 5: Proportion of difference between two adjacent TBS.

The proposed procedure for TBS determination results in regularly spaced TBS with increasing difference between adjacent TBS when TBS increases. The relative difference between two adjacent TBS is around 1% or less.
4 Conclusions
In this contribution we made the following observations:
1. Option 1 is not transparent to higher layers.
Option 2 requires insertion of filler bits in code block segmentation for some TBS.
Option 3 gives sparser TBS and is more complex to implement and specify.
The proposed procedure for TBS determination results in regularly spaced TBS with increasing difference between adjacent TBS when TBS increases. The relative difference between two adjacent TBS is around 1% or less. 
Based on the discussion in this contribution we propose the following:
1. Perform TBS determination based on a formula determining  from the number of intermediate information bits. Choose  such that code blocks are of equal size when performing code block segmentation using BG1 and such that code block sizes are byte-aligned
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Appendix. Example MCS Table


	
MCS Index

	
Modulation Order

	Code rate 
× 1024

	0
	2
	120

	1
	2
	193

	2
	2
	308

	3
	2
	449

	4
	2
	602

	5
	4
	378

	6
	4
	434

	7
	4
	490

	8
	4
	553

	9
	4
	616

	10
	4
	658

	11
	6
	466

	12
	6
	517

	13
	6
	567

	14
	6
	616

	15
	6
	666

	16
	6
	719

	17
	6
	772

	18
	6
	822

	19
	6
	873

	20
	8
	682.5

	21
	8
	711

	22
	8
	754

	23
	8
	797

	24
	8
	841

	25
	8
	885

	26
	8
	916.5

	27
	8
	948



	3/11	
image3.png
TBS (byte-aligned CBS)

10'

integer number of byte-aligned CBS 4 MIMO layer

100 150 200 250 300 350 400
Index of sorted TBS

450




image4.png
TBS(j+1) - TBS(j) (bits)

10°

10*

10°

10?

Difference between two adjacent TBS

index of sorted TBS

T T T T
e
L I J
——
——
L ————— 4
0 50 100 150 200 250 300 350 400

450




image5.png
(TBS(j+1) - TBS()) / TBS()

Proportion of difference between two adjacent TBS

AN

107

. . . . .
0 50 100 150 200 250 300 350 400 450
index of sorted TBS





image6.wmf
MCS

I


oleObject1.bin

image7.wmf
m

Q


oleObject2.bin

image1.png
TBS (byte-aligned CBS)

108

10°

10*

10°

10?

10'

TBS, integer number of byte-aligned CBS 1 MIMO layer

50 100 150 200 250 300 350
Index of sorted TBS

400




image2.png
TBS (byte-aligned CBS)

TBS, integer number of byte-aligned CBS 2 MIMO layer

108

10% ¢

10% ¢

10'

50 100 150 200 250 300 350 400
Index of sorted TBS

450




